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PURPOSE:To obtain sufficient imaging performance when fluorite is used as an optical 
member for photolithography, such as a stepper, by respectively specifying a refractive 
index difference, RMS of wave front aberration and optical path difference by double 
refraction. 

CONSTITUTIONThe fluorite for photolithography to be used in a specific wavelength band 
of <=350nm is so formed as to satisfy the following conditions: Firstly, the refractive index 
DELTAn is <=5X10<-6>. Secondly, the value of the RMS (root-mean-square) of the wave 
front aberration is <=0.015lambda after power component correction. Thirdly, the optical 
path difference by the double refracting power in any direction of three coordinate directions 
is <=10nm/cm. The optical system using quartz glass as a single blank for the optical 
system using a KrF excimer laser (248mn) as a light source 1 is most popularly used at 
present as a projecting lens 4 for the photolithography. However, there is a significant effect 
in removing chromatic aberrations by building the fluorite into such optical system. The 
latitude of the monochromaticity of an exposure light source of the stepper is, therefore, 
widened by using this fluorite and the drastic cost reduction of the illumination system is 
attained. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Fluorite for optical lithography characterized by refractive-index difference deltan being 5x10 to six or less in 
the fluorite for optical lithography used in a specific wavelength band 350nm or less. 

[Claim 2] Fluorite for optical lithography with which the RMS value of wave aberration is characterized by being below 
0.0151ambda after power component amendment in the fluorite for optical lithography used in a specific wavelength 
band 350nm or less. 

[Claim 3] Fluorite for optical lithography whose optical path difference according [ in / on the fluorite for optical 
lithography used in a specific wavelength band 350nm or less and / which direction of the direction of 3 coordinates ] to 
a birefringence is 1 Onm/cm or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is a specific wavelength band 350nm or less in an optical lithography technique, 

and relates to the fluorite for optical lithography used for the optical system of a lens etc. 

[0002] 

[Description of the Prior Art] High integration and advanced features advance and, as for VLSI in recent years, the 
ultra-fine processing technology on a wafer is demanded. Generally as the processing approach, the approach by optical 
lithography is performed. That processing line breadth is each as it will be developed from LSI to VLSI and IK, 256K, 
1M, 4M, 16M, and capacity will increase in this VLSI, if DRAM is mentioned as an example. It is detailed with 10 
micrometers, 2 micrometers, 1 micrometer, 0.8 micrometers, and 0.5 micrometers. For this reason, high resolution and 
the deep depth of focus are demanded of the projection lens of the stepper who is the mainstream of an optical 
lithography technique. 

[0003] This resolution and depth of focus are decided by the wavelength of light and N.A. (numerical aperture) of a lens 
which are used for exposure. The include angle of the diffracted light becomes large, and if N.A. of a lens is not large, it 
becomes impossible for a finer pattern to incorporate the diffracted light. Moreover, the include angle of the diffracted 
light in such same pattern that the exposure wavelength lambda is short may become small, therefore N.A. may be 
small. 

[0004] Resolution and the depth of focus are expressed like a degree type. 
Resolution = kl and lambda/N.A. 

Depth of focus = k2 and lambda / N.A.2 (however, kl and k2 are proportionality constants.) 

It is more advantageous to be one of whether N.A. is enlarged or lambda is shortened, in order to raise resolution, but to 
shorten lambda so that clearly also from an upper type in respect of depth. 

[0005] It is progressing by the flow of the technique in which exposure wavelength carried out the short wavelength- 
ized claudicaton. If it becomes the wavelength of 350nm or less, and usual optical glass is used for the optical system of 
a lens etc., since permeability is low, an usable optical material will be limited. Fluorite is well known as an optical 
material which was excellent in permeability with quartz glass. Moreover, chromatic aberration can also be amended by 
combining these two optical materials. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in order to raise a stepper's image formation engine performance, 
even if it set wavelength of the light source to 350nm or less and the light transmittance in a specific wavelength band 
350nm or less manufactured the projection lens using expensive conventional fluorite, image formation engine 
performance sufficient as a stepper was not obtained. This invention solves the conventional trouble, and when it uses as 
an optical member for optical lithography, such as a stepper, it aims at offering fluorite with which sufficient image 
formation engine performance is obtained. 
[0007] 

[Means for Solving the Problem] Then, in the optical lithography technique, this invention persons were able to get 
sufficient image formation engine performance in the fluorite which fulfills the following three conditions, as a result of 
inquiring wholeheartedly about the fluorite for optical lithography which can obtain the detailed and clear image 
formation engine performance. Therefore, this invention offers the fluorite for optical lithography characterized by 
refractive-index difference deltan being 5x10 to six or less in the fluorite for optical lithography used for the 1st in a 
specific wavelength band 350nm or less. Here, a refractive-index difference is a difference of the maximum refractive 
index and the minimum refractive index. 
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[0008] To the 2nd, this invention is 350nm. In the fluorite for optical lithography used in the following specific 
wavelength fields, the value of RMS (square mean square root) of wave aberration offers the fluorite for optical 
lithography characterized by being below 0.0151ambda after power component amendment. To the 3rd, this invention is 
35Qnm. In the fluorite for optical lithography used in the following specific wavelength fields, the fluorite for optical 
lithography characterized by the optical path difference by the birefringence being 10 or less nm/cm also in which 
direction of the direction of 3 coordinates is offered. 

[0009] In addition, although three above-mentioned invention is independent invention and the image formation engine 
performance made into the purpose also in the fluorite which fulfills one of conditions is obtained, if two or more 
conditions are fulfilled, it cannot be overemphasized that the more satisfying engine performance is obtained. 
[0010] 

[Function] Even if it generally calls it fluorite, quality has remarkable dispersion by the training approach of the purity 
of a raw material, or a crystal. In order to raise image formation engine performance, such as resolution and the depth of 
focus, it is possible to use the fluorite of high quality, but even if it tells high quality to a mouthful, it is not easy to 
discern the quality connected with the image formation engine performance. 

[001 1] First, this invention specifies the difference (dispersion in a refractive index) of the maximum of the refractive 
index in a measurement field, and the minimum value to the 1st. This value is also called a PV value and is expressed 
with deltan. The homogeneity of a refractive index is considered to be good fluorite, so that this value is small. It is 
thought that it is effective for making wave aberration small that refractive-index difference deltan is 5x10 to six or less, 
and it contributes to improvement in the image formation engine performance greatly. 

[0012] Moreover, this invention specifies [ 2nd ] the value of RMS after power component amendment of wave 
aberration (square mean square root). If refractive-index distribution of fluorite is seen finely, it can separate into a 
power (2nd order) component, an ASU component, a symmetry-of-revolution component, an inclination component, a 
random component, etc., each overlaps, and the whole refractive-index distribution is made. And the effects each 
component described here affects optical-character ability differ, respectively. For this reason, if the ratios of each 
component differ even if it manufactures an optical member using the fluorite of the same PV value, there is a 
possibility that a difference may appear in optical-character ability. Therefore, according to an individual, regardless of 
these elements, a PV value is only held down below to constant value, and a detailed and clear pattern may not be 
obtained in an optical lithography technique by request. 

[0013] Then, it becomes possible to guarantee optical-character ability more certainly by specifying the RMS value 
(after power component amendment) of the wave aberration only showing the component which has direct effect on 
optical-character ability. The power component is the same as that of the error of radius of curvature, is possible also for 
amendment at the curvature of a lens, and can be easily amended also at intervals of the air of a lens. Therefore, the 
component after the power amendment (exclusion) which has direct effect on image quality should be made the 
problem. 

[0014] Since an RMS (mean square square root) value is calculated using all point of measurement, amount of 
information cannot be easily influenced [ many ] of a measurement error, and statistics processing is also possible for it. 
In consideration of many aberration generated under the effect of each component of the refractive-index distribution 
except a power component, simulation of 0.0151ambda which is an upper limit is carried out, and it is determined as a 
value which can demonstrate the engine performance of the optical member for optical lithography. That is, aberration 
becomes it large that it is more than 0.0151ambda, and it is not suitable as an optical member. 
[0015] This invention specifies [ the 3rd and ] the optical path difference by the birefringence of the direction of three 
coordinates. If a birefringence is in a lens, since an image becomes a duplex, respectively and appears in radial and the 
direction of an optical axis, it is not desirable. If a fluorite optical member with a birefringence is used as a lens, the 
light from the light source needs to make the birefringence of the direction of 3 coordinates small in order to progress 
under a crystal to various sense. The optical member to which the optical path difference according [ the fluorite for 
optical lithography of this invention / on which direction of the direction of 3 coordinates or ] to a birefringence is 10 or 
less nm/cm, and does not spoil optical-character ability by this is obtained. 
[0016] 

[Example] phi250mm and a fluorite single crystal with a height of 300mm were raised by controlling temperature 
conditions, a reduction rate, etc. to a precision using the Bridgman method (it is also called the stock hamburger method 
and the crucible method of descent). An example of the manufacture approach is described below. In the case of the 
fluorite used in ultraviolet thru/or a vacuum-ultraviolet region, it is common to use the high grade raw material made 
from chemosynthesis by the raw material without natural fluorite. Although a raw material can also be used with 
powder, since reduction of the volume when fusing is intense, usually a half-melting article and its grinding article are 
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used. The crucible filled up with the above-mentioned raw material is placed into the training equipment of a fluorite 
single crystal, and the inside of training equipment is maintained at the vacuum ambient atmosphere of 10-5 - 10-6Torr. 
Next, the temperature in training equipment is raised to the temperature more than the melting point of fluorite (1390 
degrees C - 1450 degrees C), and a raw material is fused. It is made to crystallize gradually from the lower part of a 
crucible by reducing a crucible in a crystal training phase. The raised crystal (ingot) avoids quenching and performs 
easy annealing. The way things stand, since residual stress and distortion are very large, an ingot is heat-treated. 
[0017] In this way, phi200mm and a sample with a thickness of 50mm were started so that {111} sides might turn into a 
vertical side from the obtained ingot ingot. Refractive-index difference deltan of this sample was 3x10-6. RMS was set 
to O.OlOlambda when wave aberration was measured with 633nm helium-Ne laser light by furthermore adding an 
annealing process. When the optical path difference by the birefringence of this crystal was measured with helium-Ne 
laser light, the direction of 3 coordinates was 10 or less nm/cm. 

[0018] When equipment as showed the outline to drawing 1 was manufactured using this fluorite as an optical member 

of a projection lens, resolution with a line breadth of about 0.3 micrometers was acquired. 

[0019] 

[Effect of the Invention] As a projection lens of optical lithography, the optical system which used current and quartz 
glass as a single material is in use about what made the KrF excimer laser (248nm) the light source. However, there is 
effectiveness serious to removal of chromatic aberration by including fluorite in this optical system. For this reason, the 
cost cut of breadth and an illumination system with large tolerance is realizable for the monochromaticity of a stepper's 
exposure light source by using the fluorite for optical lithography of this invention. About the image formation engine 
performance, there was almost no difference with the case where optical system is assembled only with quartz glass. 
Furthermore, when the ArF excimer laser (193nm) of short wavelength is made more into the light source, since it is 
difficult to obtain light transmittance sufficient in quartz glass, constituting the optical system using the fluorite for 
optical lithography of this invention as a single material is also considered. Even in such a case, sufficient image 
formation engine performance can be guaranteed. 

[0020] Therefore, according to this invention, the fluorite for optical lithography with image formation engine 
performance sufficient as a stepper's projection lens etc. is obtained. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Translation done.] 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 2nd partition of the 6th section 
[Publication date] July 2, Heisei 1 1 (1999) 

[Publication No.] Publication number 8-5801 
[Date of Publication] January 12, Heisei 8 (1996) 
[Annual volume number] Open patent official report 8-59 
[Application number] Japanese Patent Application No. 6-134720 
[International Patent Classification (6th Edition)] 

G02B 1/02 

// G03F 7/20 521 

[FI] 

G02B 1/02 

G03F 7/20 521 

[Procedure revision] 

[Filing Date] April 3, Heisei 10 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 3 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim 3] Fluorite for optical lithography characterized by the optical path difference by the birefringence being 10 or 

less nm/cm also in which direction of the direction of 3 coordinates in the fluorite for optical lithography used in a 

specific wavelength band 350nm or less. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0015 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0015] This invention specifies [ the 3rd and ] the optical path difference by the birefringence of the direction of three 
coordinates. If a birefringence is in a lens, since an image becomes a duplex, respectively and appears in radial and the 
direction of an optical axis, it is not desirable. If a fluorite optical member with a birefringence is used as a lens, the 
light from the light source needs to make the birefringence of the direction of 3 coordinates small in order to progress 
the inside of a lens to various sense. The optical member to which the optical path difference according [ the fluorite for 
optical lithography of this invention / on which direction of the direction of 3 coordinates or ] to a birefringence is 10 or 
less nm/cm, and does not spoil optical-character ability by this is obtained. 
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[Method of Amendment] Modification 
[Proposed Amendment] 

[0017] In this way, phi200mm and a sample with a thickness of 50mm were started so that {111} sides might turn into a 

vertical side from the obtained ingot. Refractive-index difference deltan of this sample was 3x10-6. RMS was set to 

O.OlOlambda when wave aberration was measured with 633nm helium-Ne laser light by furthermore adding an 

annealing process. When the optical path difference by the birefringence of this crystal was measured with helium-Ne 

laser light, the direction of 3 coordinates was 10 or less nm/cm. 

[Procedure amendment 4] 
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[Method of Amendment] Modification 

[Proposed Amendment] 

[0019] 

[Effect of the Invention] As a projection lens of optical lithography equipment, the optical system which used current 
and quartz glass as a single material is in use about what made the KrF excimer laser (248nm) the light source. 
However, effectiveness is in removal of chromatic aberration very much by including fluorite in this optical system. For 
this reason, the cost cut of breadth and an illumination system with large tolerance is realizable for the 
monochromaticity of a stepper's exposure light source by using the fluorite for optical lithography of this invention. 
About the image formation engine performance, there is almost no difference with the case where optical system is 
assembled only with quartz glass. Furthermore, when the ArF excimer laser (193nm) of short wavelength is made more 
into the light source, since it is difficult to obtain light transmittance sufficient in quartz glass, constituting the optical 
system using the fluorite for optical lithography of this invention as a single material is also considered. Even in such a 
case, sufficient image formation engine performance can be guaranteed. 



[Translation done.] 
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